Abstract. The aim of the present study was to investigate the effect of the Akt inhibitor, Akti-2, on the sperm motility and acrosome reaction in mice. Mature sperms from the adult mice, aged 8 weeks, were co-incubated with Akti-2 for ~30 min at 37˚C in 5% CO 2 , and the sperm viability was assessed by eosin-nigrosin staining. The sperm total and progressive motility were analyzed by computer-aided sperm analysis. In addition, the acrosome reaction of sperms was detected by the acid phosphatase assay, Coomassie Brilliant Blue staining and fluorescein-isothiocyanate conjugated pisum sativum lectin staining, respectively. Compared with the control (dimethyl sulfoxide), Akti-2 had no effect on sperm viability, but it suppressed the total and progressive motility significantly. Furthermore, the capacitation-associated protein tyrosine phosphorylation and the acrosome reaction induced by calcium ionophore A23187 could be suppressed by Akti-2. These experiments confirmed that Akti-2 significantly impaired the sperm functions, including motility, capacitation and acrosome reaction, and provide the proof for its potential in male reproductive toxicity.
Introduction
The phosphoinositide 3-kinase (PI3K)/Akt signaling pathway has an extremely important function on cell proliferation, cell metabolism and angiogenesis. Abnormalities of the pathway were tested in numerous tumor cell lines. The PI3K/Akt pathway is closely associated with the pathogenesis, progression and metastasis of carcinoma (1) . Two types of PI3K inhibitors have been widely studied, Wortmannin and LY294002. However, these inhibitors are confined to in vitro research due to their potent toxicity in vivo.
Akt is a serine/threonine kinase that belongs to the AGC family of kinases (2) and shares high homology with protein kinase A (PKA) and PKC. Akt is also known as PKB, and there are three mammalian isoforms of this enzyme: Akt-1, Akt-2 and Akt-3. Furthermore, the three isozymes of Akt share >85% homology and all possess an amino terminal pleckstrin homology domain and a kinase domain separated by a 39-amino acid hinge region (3, 4) .
Akt is a critical downstream effector of multiple growth factors and receptors involved in tumorgenesis, and could also regulate a number of downstream targets (5, 6) . When Akt was inhibited, a number of its targeted proteins are suppressed, and this may delay tumor progression. As a result, studies on Akt inhibitors have focused on the field of tumor therapy (7, 8) . Akt-1 and Akt-2 are commonly overexpressed or constitutively active in a large number of human cancers including brain, gastric, colon, breast, lung and prostate carcinomas, and their activation correlates to cancer progression (4). Akti-2, a selective allosteric inhibitor of Akt-1 and -2, was previously shown to be effective in prostate cancer and other solid tumors (8) . MK-2206, an allosteric Akt inhibitor, has progressed into a phase II clinical trial. The present study examined the effect of Akti-2 treatment on sperm viability, sperm motility, capacitation and acrosome reaction induced by calcium ionophore A23187 in mice, and it may assist the elucidation of the clinical candidate of MK-2206 (Merck & Co., Inc., Kenilworth, NJ, USA).
Materials and methods

Materials and reagents.
A total of 40 male C57BL/6 mice (8 weeks old) were purchased from the Shanghai Laboratory Animal Center (Shanghai, China), and acclimated in the Animal Center of Shanghai Jiao Tong University School of Medicine (Shanghai, China) for 1 week prior to initiating the study. The study protocol was approved by the Shanghai Jiao Tong University School of Medicine Institutional Animal Care and Use Committee.
The (9) . The sperm suspension was transferred to a new tube after a 10-min incubation at 37˚C in 5% CO 2 and analyzed by computer-aided sperm analysis (CASA; CEROS; Hamilton Thorne, Beverly, MA, USA). The samples were washed 3 times with HM by centrifugation at 500 x g for 5 min. To capacitate mouse sperm, the sperm pellet was resuspended in the modified Krebs-Ringer bicarbonate medium (HMB, which is HM buffer with bicarbonate and bovine serum albumin) (9), adjusted to 1x10 6 sperm/ml, and incubated for 1 h at 37˚C in 5% CO 2 . Sperm motility was checked several times in each experiment in a 20-µl sperm suspension viewed by CASA to identify the number of living cells. Experiments in which the motility of the fraction of living cells was <70% were not considered.
Detection of the sperm capacitation-associated tyrosine phosphorylation. Spermatozoa incubated at capacitation conditions for various periods of time with either dimethyl sulfoxide (DMSO) or 50 µM Akti-2 were collected by centrifugation at 5,000 x g for 2 min (10). Subsequent to washing with 1 ml of phosphate-buffered saline (PBS), the spermatozoa pellet was resuspended in SDS-PAGE sample buffer and boiled for 5 min. Western blot analysis was performed with 10% SDS-PAGE and proteins were transferred to a Hybond P 0.45 µM PVDF membrane (Amersham, GE Healthcare Life Sciences, Logan, UT, USA). The membrane was blocked by incubating with 5% bovine serum albumin for 1 h at room temperature. Subsequently, the membrane was immunoblotted with a monoclonal antibody against phosphotyrosine (clone 4G10; Merck Millipore) for 1 h at room temperature and with horseradish peroxidase (HRP)-conjugated secondary antibodies for 1 h at room temperature. Detection of the bound antibody was performed using Immobilon Western HRP Substrate (Merck Millipore). α-tubulin was used as the internal control.
Induction of the acrosome reaction. Following capacitation, 10 µM calcium ionophore A23187 was added to induce the acrosome reaction in the suspension. In different sets of experiments, the following reagents were added to the sperm suspension following capacitation: 10 µM A23187 or 10 µM A23187 + 50 µM Akti-2. The control groups were assayed with the addition of the vehicle, DMSO.
Acid phosphatase activity assay. The suspension of sperm following the acrosome reaction was centrifuged at 500 x g for 5 min, and the supernatant was placed on ice. The activity of the enzymes was measured fluorometrically (11) using the corresponding 4-methylumbelliferyl as a substrate at a concentration of 0.03 mg/ml in 0.05 mol/l citrate buffer (pH 4.5). After incubation for 1 h at 37˚C, the reaction was stopped by adding the same volume of 0.4 mol/l glycine buffer (pH 10.4). The enzyme activity was assayed by luminescence spectrometer (LS50B; Perkin Elmer, Inc., Waltham, MA, USA) at excitation/emission: 365/449 nm. One unit of activity represents the amount of enzyme that catalyzes the release of 1 nmol of 4-methylumbelliferone/ml/h (12) . The culture medium, HM, was used as the blank to zero the spectrofluorometer. Medium plus ionosphere, HMB media and HMB plus Akti-2 were checked for any fluorescence signal, but no difference was observed (data not shown).
Coomassie Brilliant Blue staining. The suspension of the reacted sperm acrosome was centrifuged at 800 x g for 5 min, and the supernatant was removed. The sperm pellet was resuspended in 10 µl PBS, smeared and dried in the air. The sperm was fixed in 4% paraformaldehyde for 10 min, and subsequently washed by PBS three times for 5 min, and 0.1 mol/l ammonium acetate (pH 9.0) twice for 5 min. Following this, the slides were dried in the air, stained by 0.22% Coomassie Brilliant Blue for 2 min and washed with flowing water. The slides were mounted with cover slips under a microscope (ECLIPSE E600; Nikon, Tokyo, Japan) and ≥200 sperm were scored as 'acrosome intact' or 'acrosome reacted' (13) .
Fluorescein-isothiocyanate conjugated pisum sativum lectin (PSA-FITC) staining. The sperm that had reacted were smeared, dried onto microscope slides and fixed with 4% paraformaldehyde at room temperature for 10 min. The percentage of acrosome-reacted cells was evaluated using PSA-FITC, as previously described (14) . Briefly, smeared spermatozoa were incubated with PSA-FITC (100 µg/ml) in the dark for 30 min. The slides were washed with PBS, and subsequently incubated with 100 µg/ml propidium iodide (Sigma-Aldrich) in the dark for 5 min. The slides were viewed under a laser scanning confocal microscope (LSM-510; Carl Zeiss, Jena, Germany).
Eosin-nigrosin test. Sperm viability was measured using the eosin-nigrosin test. Briefly, a 10-µl sperm suspension in HM and 10 µl eosin-nigrosin solution were mixed for 30 sec at room temperature, and smeared onto a slide and allowed to air-dry (15) . Slides were subsequently mounted with a coverslip using VectaMount permanent mounting medium (Vector Laboratories, Inc.). Measurements were performed on 200 sperm counted on each slide under the microscope. The percentage of unstained (white) and stained (pink) sperm was calculated. Only the unstained sperm were considered viable.
CASA. A 20-µl sperm suspension was tested by CASA and at least five fields of ~1,000 sperms randomly were detected. This indicated the sperm concentration, motility of total motile and progressive motile sperm. The total motile sperm, which reached 70%, was qualified.
Statistical analysis. Quantitative data are expressed as mean ± standard deviation. All the analyses were performed using SPSS 18.0 software and GraphPad Software (Graph Pad Software, Inc., La Jolla, CA, USA). P<0.05 was considered to indicate a statistically significant difference.
Results
Sperm viability is not affected by Akti-2.
In the different sets of experiments, the following reagents were added into the sperm suspension: Akti-2 (50 µM) and the same volume of DMSO as the control, with incubation at 37˚C and 5% CO 2 for 30 min. The sperm were stained by eosin-nigrosin solution and the sperm viability was detected. The sperm viability of Akti-2-treated sperm at 0 min was 76.8±3.1%, while after Akti-2 treatment for 30 min, the sperm viability was 68.5±5.0%. Compared with the control group (75.3±1.2% at 0 min and 68.8±6.6% at 30 min), there was no difference in the sperm viability between the groups with added Akt inhibitor Akti-2 and the control (P>0.05; Fig. 1 ).
Akti-2 inhibits sperm motility. After co-incubating with 50 µM Akti-2 in HM at 37˚C and 5% CO 2 for 30 min, sperm motility was detected. After co-incubation for 30 min, the total motile sperm in the control (DMSO treatment only) was 55.3±11.1%, and the progressive motile sperm was 23.8±8.1%. The total motile sperm for the Akti-2 treatment was only 33.7±8.5%, and the progressive motile sperm was 8.2±3.6%. Compared with the control, Akti-2 inhibited the sperm motility significantly (P<0.01; Fig. 2 ).
Akti-2 inhibits the sperm capacitation. The protein tyrosine phosphorylation event has been associated with sperm capacitation and is considered a hallmark event of capacitation (10) . Fig. 3 shows a time-dependent increase in sperm capacitation-associated tyrosine phosphorylation when the spermatozoa were incubated with DMSO during capacitation. By contrast, Akti-2 significantly inhibited the time-dependent tyrosine phosphorylation during capacitation.
Akti-2 inhibits the sperm acrosome reaction. The sperm acrosome reaction was detected using the acid phosphatase activity assay and PSA-FITC staining, and the results were confirmed by the traditional Coomassie Brilliant Blue staining (Fig. 4) .
Compared with the group with only calcium ionophore A23187 treatment, the acrosome reaction of the group with additional Akti-2 treatment decreased to the level of the DMSO treatment group. In the acid phosphatase activity assay, the acrosome reaction in the Akti-2 treated sperm decreased 18% compared to the acrosome reaction induced by A23187 treatment only. By Coomassie Brilliant Blue staining, the acrosome reaction in the Akti-2 treatment sperm decreased to almost half of the A23187 only treatment (40.9 and 73.9%, respectively). Therefore, Akt inhibitor Akti-2 suppressed the sperm acrosome reaction induced by A23187 (P<0.05; Fig. 3 ).
Akti-2 inhibits the sperm acrosome reaction time-dependently.
The acrosome reaction was detected at the time when A23187 and Akti-2 were added (0 min) and at 10, 20 and 30 min respectively. The results showed that Akti-2 significantly inhibited the acrosome reaction induced by A23187 as soon as co-incubation for 10 min. Therefore, Akti-2 inhibition is time-dependent (P<0.05; Fig. 5 ).
Discussion
The tumor incidence has been increasing significantly and tumors have become more common and a frequently occurring disease in recent years due to factors such as environmental Figure 1 . Effect of Akti-2 on sperm viability. Sperm viability after co-incubation with 50 μM Akti-2 in HM buffer at 37˚C in 5% CO 2 for 30 min was tested, and the DMSO treatment only was the control. Each bar represents the mean ± standard deviation of ≥4 experiments. DMSO, dimethyl sulfoxide. Akti-2 inhibits the sperm capacitation-associated tyrosine phosphorylation. Sperm (2x10 6 /ml) were incubated in HMB for different times with or without Akti-2 at 37˚C in 5% CO 2 , respectively. Protein tyrosine phosphorylation was assessed by western blot analysis. α-tubulin was used as the loading control. DMSO, dimethyl sulfoxide.
pollution, pressure of work and irregular rest. The incidence of tumors is occurring in an increasing number of young people. Akt is a serine/threonine kinase that has recently acquired significant attention as a promising molecular target for cancer therapy due to its critical role (7) . It is a homolog of the t-8 strain from the AKR/J mouse (Akt-8), which is known as an oncogene. Akt is overexpressed or overactivated in cancers, including prostate cancer, hepatic carcinoma, gastric carcinoma and oral carcinoma (4) . In addition to tumors, Akt is also activated in chronic kidney disease (16) . Inhibition of Akt could suppress the tumor progression (17) (18) (19) . The present study investigated the function of the Akt inhibitor Akti-2 on mouse sperm, and provided information with regards to toxicity of the Akt inhibitor in the therapy for tumor sufferers.
After co-incubation with Akti-2 for 30 min, sperm viability was detected and there was no effect in comparison to the control. However, with regards to sperm motility, Akti-2 inhibited sperm total motility and progressive motility significantly. Furthermore, Akti-2 significantly inhibited the sperm capacitation. Finally, Akti-2 significantly decreased the acrosome reaction induced by A23187, and the acrosome reaction was reduced after 10 min. As mentioned, Akti-2 has a significant inhibition effect on the reproduction of mice.
With regards to the concentration of Akti-2, 50 µM is under the concentration used in the clinical trial (20) . However, the A B C minimum concentration that could influence the sperm acrosome reaction remains to be elucidated. Capacitation is necessary for sperm prior to the acrosome reaction (21) . An increase in protein tyrosine phosphorylation has been shown to accompany capacitation (22) . Another feature in the capacitation is the elevation of sperm Ca 2+ , which appears to be responsible for an asymmetric form of motility known as hyperactivation. Ca 2+ inflow has been investigated previously, and is achieved by Catsper channels in sperm flagellum (23) . The effect of Akti-2, an inhibitor of Akt-1/2, which are members of PKB, on the process of capacitation by the Ca 2+ signal through the Catsper channels remains to be elucidated, as well as whether Akti-2 affects spermatogenesis or only suppresses the mature sperm. The Akt downstream target protein responsible for sperm motility, capacitation and acrosome reaction and whether it is one target or more remains to be elucidated. Therefore, further studies are required. Analysis using human sperm is also required to confirm these results. This study would aid the application of the Akt inhibitor, clinical candidate MK-2206.
In conclusion, the Akt inhibitor, Akti-2, appeared to suppress the sperm motility, capacitation and acrosome reaction, but not the sperm viability in mice. Thus, Akti-2 may influence the fertility of male patients. Further studies are required to elucidate the exact impact of the Akt inhibitor and to aid in judging the correct application of the clinical candidate, MK2206.
